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Abstract. In this work we aimed to test the antibacterial effect of many copper and bismuth 
powders (salts) on Gram positive and Gram negative bacterial species. Eight samples of [(xB2O3(1-
x)Bi2O3]10%CuO and another eight of [(xB2O3(1-x)Bi2O3] with various granulations (0.07≤x≤0.8), were 
tested in laboratory conditions on four bacterial strains (Staphylococcus aureus, Bacillus cereus 
Pseudomonas aeruginosa and Escherichia coli), determining minimum inhibitory concentration (MIC) 
using diffusimethrical method. It was proved that both copper and bismuth salts had inhibitory effect on 
the tested bacterial species. Gram positive bacteria (Staphylococcus aureus and Bacillus cereus) were 
sensitive to the activity of cooper salts combined with bismuth.  Gram negative bacteria (Pseudomonas 
aeruginosa and Escherichia coli) were also sensitive to the activity of the two powder categories but the 
inhibitory effect was more reduced comparatively to the effect obtained for Gram positive strains. A 
reduced dimension of the powders increases the inhibitory effect.  
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INTRODUCTION 
 
Nowadays the infectious diseases produced by bacteria are representing a major cause for 
morbidity and mortality both for humans and animals. Although the pharmaceutical industry 
produced in the latest years new antimicrobial drugs, the resistance of the microorganisms to 
these drugs increased. Is generally known that bacteria have the genetic ability to gain and 
transmit the resistance to the substances used as therapeutic agents (Nascimento et al. 2000; Levy 
and Marshall 2004). The development of bacteria multiple resistance to current drugs is limiting 
their efficiency causing major failure in infections treating (Hancock, 2005). As an example is 
mentioned staphylococci resistance to meticillin, pneumcocci to penicillin, enterococci to 
vancomycin but also multiple resistances of Gram negative bacteria (Norrby et al., 2005).  
Numerous in vitro studies proved the antibacterial effect of some metal powders (Briand 
and Burford. 1999; Cornick et al 1990). Considering that some bismuth and copper salts proved 
to have antibacterial effect and that many bacterial strains developed multiple resistances to 
antibiotic and chemoterapic drugs used in therapy, in our study we aimed to evaluate in vitro 
antibacterial effect of two salts type with various granulations on four bacterial species isolated 
from diseases animals.  
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MATERIALS AND METHODS 
 
The salts tested. Glass samples of 90% [(xB2O3(1-x)Bi2O3]10%CuO and [(xB2O3(1-
x)Bi2O3] systems (0.07≤x≤0.8) were prepared using as start materials H2BO3, Bi(NO3)3 5H2O 
and CuO of reagent purity grade. The mixtures were melted in sintered corundum crucibles 
introduced into electric furnace in air at 1100°C for 15’. They were quickly under cooled at room 
temperature by pouring onto stainless steel plates. The colors of the samples are typical for 
introduced ions (Fig.1 and 2). 
The bacteria used. For the experiment four bacterial species were used. Two species 
were from Gram positive category (Staphylococcus aureus and Bacillus cereus) and two from 
Gram negative category (Pseudomonas aeruginosa and Escherichia coli) isolated from animals 
with skin lesions within the Microbiology Laboratory of the Faculty of Veterinary Medicine 
Cluj-Napoca.  
The methods for the determination of the inhibitory effect of the metallic powder 
categories was realized using as a model the diffusimethrical technique of testing germs 
sensibility to antibiotic and chemoterapic drugs.  
The diffusimethrical technique was realized using as culture medium Müeller-Hinton agar 
in Petri dishes while the tested strains were cultivated 24 hours before in broth obtaining a 
suspension of germs in Salina similar to the 0,5 optical density on McFarland scale. Than the 
plates were flooded with the bacterial strain, dried and the powders were placed on small round 
paper discs imbued in distilled water. The plates were introduced at thermostat for 24 h at 370C±1 
and the results were interpreted determining the inhibition area diameters.  
 
 
 
Fig. 1 Copper and bismuth powders with various granulations tested  
 
 
 
 
Fig. 2 Bismuth powders with various granulations tested. 
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RESULTS 
 
Testing the efficiency of the antibacterial effect of metallic powder extracts it was evident 
that most of the granulations are representing a major source of substances with antimicrobial 
activity (Table 1).  
Considering the average of the inhibition areas diameters for eight copper and bismuth 
powders we observed an inhibitory effect up to a maximum of 14 mm at the smallest granulation 
for the strain of S. aureus (Fig. 3). Inhibition areas are decreasing consecutive to the increase of 
the powder granulations used in the plates. Bismuth and salts with no copper added had also 
inhibitory effect but more reduced compared to bismuth-copper combination (Fig. 4; Table 2) 
Bacillus cereus was also more sensitive to the activity of copper salts combined with 
bismuth observing the same maximum inhibitory effect of 14 mm at the smallest metals 
granulations. We also noted that bismuth powders had a low effect comparative to the copper-
bismuth combination.  
 
Table 1. 
Bismuth and copper salts antimicrobial activity tested using the diffusimethrical method 
 
Inhibition area diameters (mm) Bismuth and 
copper salts Staphylococcus 
aureus 
Bacillus cereus Pseudomonas 
aeruginosa Escherichia coli 
1.  14 14 11 13 
2.  13 12 12 12 
3.  12 10 11 9 
4.  12 10 10 10 
5.  11 11 11 11 
6.  10 11 9 11 
7.  10 9 9 9 
8.  11 8 7 7 
 
 
Table 2. 
Bismuth salts antimicrobial activity tested using the diffusimethrical method 
 
Diametrul zonelor de inhibiŃie 
Bismuth salts Staphylococcus 
aureus 
Bacillus cereus Pseudomonas 
aeruginosa Escherichia coli 
1. 14 12 10 12 
2. 12 12 12 12 
3. 12 10 9 10 
4. 11 10 10 10 
5. 10 11 11 11 
6. 10 11 8 10 
7. 10 9 9 9 
8. 5 8 5 5 
 
Pseudomonas aeruginosa was inhibited more visible by the presence of the copper-
bismuth combination salts comparatively to the use of bismuth salts (Fig. 5 and 6).  
 
 300 
 
 
Fig. 3. Inhibition areas obtained for copper and 
bismuth salts on Staphylococcus aureus specie 
 
Fig. 4. Inhibition areas obtained for bismuth salts on 
Staphylococcus aureus specie 
  
 
Fig. 5 Inhibition areas obtained for copper and 
bismuth salts on Pseudomonas aeruginosa specie 
 
Fig. 6. Inhibition areas obtained for  
bismuth salts on Pseudomonas aeruginosa specie 
 
Escherichia coli had a similar behavior to P. aeruginosa, generally obtaining more 
reduced inhibition areas for Gram negative bacteria compared to Gram positive.  
For all bacterial species an increased sensibility was observed for the powders with a 
smaller granulation. This effect could be the cause of a better interaction between the bacterial 
species and the powders of the metals in suspension. Inhibition areas observed for the powders in 
these conditions were smaller than the areas observed for the antibiotics currently used in this 
test.  
CONCLUSIONS 
 
The determination of the antibacterial activity of copper and bismuth powders having 
various granulations on many bacterial species is indicating that the tested powders can be used 
as inhibitory substances for Staphylococcus aureus, Bacillus cereus Pseudomonas aeruginosa 
and Escherichia. The conclusion of this experiment is that the copper-bismuth metal combination 
of small granules contains substances with inhibitory effect for the development of both Gram 
positive and Gram negative bacterial species.  
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